Abstract
Introduction
The success of IT projects depends, among other things, on the skills of the team members [1, 2] . However, the selection and combination of different team members is an ongoing challenge [1, 3] . Previous studies have found that heterogeneity among the team members increases creativity [4, 5] . At the same time, the heterogeneity of team members' attributes can also lead to the formation of subgroups within the project team [6, 7] . A subgroup is a subset of team members that is characterized by a unique form of a certain attribute (e.g. age, skill or status) [7] .
Especially IT projects that apply agile methods, like Scrum or Extreme Programming demand team heterogeneity and foster close collaboration [8] . On the contrary, teams that follow traditional project management methods are selected based on their capabilities to conduct a pre-planned task [9] . Due to these differences in the way the team collaborates and the team conducts tasks, the formation of subgroups is supposed to differ between projects with agile methods and projects with traditional methods. Practitioners should consider the formation of subgroups when applying these project management methods, because they influence the performance of the project [10] [11] [12] [13] . Additionally, if they are aware of the possible formation of subgroups, they can initiate actions that hinder the formation, like staffing and managing the project differently.
However, it remains unclear how subgroups form in IT projects with agile and traditional methods. Due to the differences in team composition and conducting tasks, different types of subgroups form in agile and traditional IT projects, based on faultlines, which are dividing lines that are based on attributes of diversity of team members [7, 14] . For instance, agile methods emphasize values like commitment, openness and respect [15] . This creates a different form of exchange between the team members [16] , which in turn influences the formation of subgroups. As it remains unclear how subgroups form under agile methods and under traditional methods, it is difficult to develop actions that hinder the formation or weaken the influence of the subgroup. To address this gap, we seek to answer the following research question: Which factors lead to the formation of subgroups in agile and traditional project management methods?
We chose an exploratory case study design to answer this question. We analyze four IT development projects. Two projects have employed an agile method and two projects followed a traditional approach.
We find that there are differences in the formation of subgroups between agile methods and traditional methods. The primary factor that leads to the formation of subgroups in traditional projects is the task assignment. Agile teams are characterized by subgroups that are formed due to ties between team members that know each other from previous interactions. Additionally, we find that no matter if an agile method or a traditional method has been chosen, different locations and languages lead to the formation of very dominant subgroups. This paper is structured as followed. First, we present background information on faultlines and subgroups as well as on agile and traditional project management methods. This is followed by a presentation of the chosen research method. Then, we present the results and report on the found subgroups in agile methods and traditional methods. Finally, the theoretical and practical implications as well as limitations and possible future research are discussed. The paper ends with a short conclusion.
Theoretical Background

Faultlines and Subgroups
A subgroup is a subset of members of a work team, which is characterized by a unique interdependence that distinguishes the subset from other members of the team [7] . Subgroups are formed based on faultlines, hypothetical dividing lines, which split a team into multiple, homogeneous subgroups [14] . Faultlines are based on individual attributes, like education, gender or work experience. Team members, who share one or more of these characteristics, bond with each other and thus create a subgroup [17] . Previous literature has already identified possible faultlines (see table 1 ). Within a team there might be several different faultlines, but not all of them are activated and lead to the formation of a subgroup [26] .
Literature distinguishes three types of subgroups [7] . First, members of identity-based subgroups are characterized by the same characters or share similar values [27] . Second, knowledge-based subgroups are formed based on technical language [28] . Members of this type of subgroup often share information or use this form of exchange to solve problems and tasks together [7] . Third, resource-based subgroups are based on the idea of group conflict theory [29] as well as on theories of inequality and organizational ranks [30] . Members of this type of subgroup differentiate according to the ability to claim resources, such as decision power [7] . Therefore, resource-based subgroups often form based on the hierarchical level.
The effects of subgroups have been studied intensively, but the empirical results differ. While some studies suggest that subgroups also have positive effects for team members [10, 12] , the majority highlights their negative consequences. In general, any type of faultline may have both, positive and negative impacts [13] . Positive effects of subgroups are mainly found related to knowledge-based subgroups [10, 12] . They have the advantage that they bring different forms of knowledge into one team [12] .
Negative consequences are mostly related to identity-based and resource-based subgroups. Identitybased subgroups may lead to conflicts in the whole team, caused by ethnocentrism [31] , especially when there are two strong subgroups of this kind in one team, which work against each other [12] . Resourcebased subgroups in teams may lead to an asymmetry in perception of fairness and power centralization [7] which disturbs the common decision making process [32] . In general, subgroups may cause an interruption of the knowledge flow within the team, as subgroup members communicate primarily with other members of the same subgroups [11] . Another negative aspect is social loafing of individuals, which happens primarily in larger subgroups [33] .
Especially difficult situations and crises foster subgroups and reinforce the barriers between individuals in the project team [34] . When these negative consequences occur in software project teams, it may have serious influence on the project success.
Agile and Traditional Project Management Methods
Agile methods gained popularity in recent years [8] . There are several different agile methods, like Scrum, Kanban and Extreme Programming, but Scrum is by far the most used one [35] . These approaches focus on the social nature of software development [16] . Values like commitment, openness and respect form the footing of all agile methods and lead to a higher perception of job satisfaction within software development teams [15] . Furthermore, additional factors like team awareness and team involvement foster cohesion within the team [16] .
An important principle of agile methods is the selfmanagement of the team [36] . Flat hierarchies and the possibility to decide how to accomplish work are fundamental aspects, which give the team higher responsibility in its work life and rises again the satisfaction level [37] . The basis for self-managing teams is a shared-decision making process, which demands respect and trust within the whole team [38] .
Communication plays a special role within agile principles [39] . Agile methods trust in face-to-face communication, whenever it is possible [40] and see continuously exchange between team members, managers and customers as an important influence factor for project success. Frequent communication between team members supports not only performance and quality [41] , but also promotes knowledge sharing in project teams [42] .
Traditional methods are different from agile methods. They have a long tradition in IT development projects and are currently still broadly used, especially in the manufacturing industry [35, 43] . Traditional methods are characterized by a pre-planning stage that is followed by the execution, which makes them less flexible in comparison to agile methods [9, 43] . Additionally, unlike agile methods, they have a clear hierarchy within the team [9] . The collaboration is less close than in an agile project team. Daily meetings are not part of the methodology like in agile methods. As the task assignment is stable in traditional methods, the team members work together with the same few persons for most of the project time [9] .
Subgroups within Agile and Traditional Projects
The previously described differences between agile methods and traditional methods should have different influences on the activation of faultlines and therefore on the formation of subgroups. Up to now, literature has only dealt with distributed agile teams and therefore has limited the perspective to geographical distance [44, 45] . First, the collaboration differs between projects with an agile and a traditional method [9] . The team members work much closer together under agile methods. Second, the fix task assignment in traditional methods leads more stable structured within the team [9] . Therefore, the same team members work always together whereas different ones work together in agile methods.
Distributed Teams as Example for Subgroups in Software Development
There is already extensive literature on virtual and distributed teams [46, 47] . However, this literature mostly lacks of consideration of subgroups, although geographical distribution is a factor that is likely to lead to the formation of subgroups [46] . The faultline factors in the case of virtual teams are location and language [18, 46] . Cramton and Hinds [31] theoretically expended the faultine model of Lau and Murnighan [14] to virtual teams, but did not empirically test their model. An exception is Polzer, Crisp [18] that analyse the activation of faultlines and subgroups in geographically dispersed teams. They found that subgroups form and that conflict is heightened and trust is decreased between the geographically dispersed subgroups. Another exception is O'Leary and Mortensen [48] that found that geographically based subgroups weaken team identification, lead to less effective transactive memory and increase team conflict.
As this brief overview of literature on virtual and distributed teams shows, most studies miss a consideration of subgroup theories. There are a few exceptions, but none of these studies have been conducted in the IT domain or consider also other types of subgroups, like identity-based or knowledgebased subgroups.
Research Method
To analyze factors that lead to the formation of subgroups, a qualitative design has been chosen. We decided to conduct a case study to answer our exploratory research question as it allows us to investigate phenomena in depth in its real-world context [49] . We explored the formation of subgroups in two agile IT projects and two traditional IT projects. Table 2 shows the description of the selected cases. In general, we selected cases with a certain number of team member in order to increase the likeliness of finding subgroups [12] .
Case Selection
Teams 1 and 2 are projects with an agile method and were conducted in a German IT company. Teams 3 and 4 are projects with a traditional method and were conducted in a German financial service company. Table 2 shows the number of interviews that were conducted in the four analyzed teams. In Team 1 nearly half of the team has been interviewed. More than half of the team members were interviewed in Teams 2 and 3. In Team 4 only about a quarter of the team members were interviewed. Although not all team members were interviewed, we still believe to have gotten thorough insights in all of the four teams.
Data Collection and Analysis
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We used grounded theory coding techniques to analyze the data and develop the faultline categories as introduced in the results section [50] . We based the coding categories on factors that could be possible faultlines within the project teams. The atlas.ti software package was used to support coding and analysis. 
Results
Agile Method
The two agile teams were well-established, selfmanaging teams with motivated team members with a good reputation and company record of accomplishment in ISD projects. Both teams applied Scrum as agile method. We identified several faultlines and activated subgroups in each of the two teams. They are reported in table 3.
Our results suggest that demographic faultlines like age and gender are not activated. Team 1 and 2 only had two females respectively and therefore, the formation of a gender based subgroup is unlikely. An age based subgroup is not formed, because the team members in the two agile teams have a quite similar age between 20 and 40 years.
Knowledge and education related faultlines are not activated, because experts form groups only for the discussion of a certain topic and then dissolve again. Therefore, not stable subgroup is formed.
A faultline based on functions within the team has not been activated due to the generalist-approach of agile methods, where only the roles team member, scrum master and product owner exist. However, we found that in one team the product owner has been excluded from the retrospective because of his role. He perceived himself as ostracized. Due to the usage of user stories in agile methods that are carried out by different combinations of team members in each iteration, only temporal subgroups form for the time a user story is carried out. They then dissolve again right after finishing the user story.
In the following, we describe the most dominant subgroups that were formed due to activated faultlines.
In team 2, the most dominant subgroup was formed due to location-and language-based faultlines. Eight of the 19 team members were located on the company site in country A. The other 11 team members were located in a different company site in country B. The software developers in country B were not native speakers in the project's dominant language, but all team members in country A were. There was a variety in the language skills in the team in country B.
The subgroup manifests in the low number of interactions between the two team locations, but also in the perception of the team members, such as explained by one developer from country A:
"These people from the other location [country B] … If there is not really anything, which has to be done together, we work rather isolated from each other. (System Architect 02_07)"
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The formation of this subgroup is mostly due to the difficulties to communicate informally by mail, phone or video chat. This hinders closer ties between team members and reduces trust and a shared understanding. One team member mentioned that it would be positive to meet the team members from the other location to get to know them on an informal basis:
"Yes, it is positive for the project when we meet in person from time to time and to see the person and not just hear the voice, or read their mails. (System Architect 02_11)"
This communication barrier not only leads to the separation of the team, but also intensifies the relationships within the two parts of the team. In team 2, the projects dominant language is that of country A. The team members from country B often discuss the unclear issues first after the daily stand-up first internally and if this has not resolved the issue with a team member from country A:
"First of all, we try to clarify issues internally, and if there is any ambiguity, we'll get back to the [country A] team. (System Architect 02_11)"
This communication barrier not only exists due to different countries, but also because of separate offices in team 1. The office with the physical scrum board is the dominant office and most of the discussions take place in this office. Team members from other offices have to actively seek being part of the discussion and not being cut off from the information flow. One member of team 1 describes this as followed:
"If you have two separate offices, discussions stay within one office. First, you ask others from the same office and this discussion is not passed on to the other office room (Software Developer 01_02)"
In team 1, the most dominant subgroup was formed due to previous ties between some of the team members. Most of these team members knew each other from previous projects, but there was also the case where two team members happened to have gone to secondary school together. It was usual for these team members to have lunch together with team members from the previous project, where they also discussed issues concerning the current project. The scrum master described this subgroup as follows:
"Yes, [we are a subgroup], definitely, it's quite normal. If you've already spent two years together, there is of course a different kind of relationship. (Scrum Master 01_04)"
The formation of this subgroup is mostly driven by the close relationships between the team members that know each other. A subgroup based on previous ties between some team members can also be found in team 2, but it is only secondary due to the strong location based subgroup.
In team 2, we additionally find a strong task based subgroup. Normally, agile software development argues for a generalist approach, where every team member is theoretically responsible for every task. However, this team has been separated into technical consultants and into business consultants.
"You certainly have this [formation of a subgroup] between the technical consultants and the business consultants. (Scrum Master 02_09)"
Traditional Method
The two traditionally managed teams studied were well-established teams with motivated team members. We identified several faultlines and subgroups in each of the two teams. We report on them in table 4.
Similarly to the agile case, we find that demographic faultlines like age and gender are not activated in traditional method settings. Team 3 and 4 only had two females respectively and therefore, the formation of a gender based subgroup is unlikely. There is no strong age based faultline, because there was little variance in the age. Most of the people were between mid thirty and end forty, with one exception in team 3, where one member was 59 years old.
A knowledge based faultline is not activated, because people are assigned to a task based on their knowledge. Therefore, the dominant faultline is task.
A faultline based on function was not activated, although such a subgroup is likely in traditional methods due to the clear hierarchy. However, we did not find a strong hierarchical in the two analyzed teams and therefore no subgroups were formed.
We find that a faultline based on previous ties is not activated, because the team members are assigned to tasks and do not collaborate closely across tasks. Due to this, although there might be previous ties, they do not lead to the formation of a subgroup.
We find, that a task-based subgroup is the dominant subgroup, if traditional methods are used. Tasks in traditional methods are different from tasks in agile methods, because they take longer and, most of the time, people do the same task throughout the project. Therefore, the assignment to a task within a project with a traditional method separates the team and hinders close collaboration between the team members, which leads to the formation of subgroups. A member of team 3 describes this as follows: Similarly to agile projects, we find that geographical distance and language are faultlines that are activated and lead to the formation of subgroups.
"Two members working on this task are in Germany and the other two in India. There are, therefore, two subgroups which result from the geographical separation of the team. (IT consultant 04_02)"
In team 3, we find that the team leader has decided that the team should have breakfast together every Monday. This team building effort has been introduced to implement a basis to exchange project related information across people that do not work on the same task.
Comparison of Subgroups In Agile And Traditional Methods
The results show that we find differences regarding subgroups between agile methods and traditional methods. Task-based subgroups are dominantly formed in projects with traditional methods. In agile projects, only temporary task-based subgroups are formed for the duration of specific user stories. This is due to the circumstance that tasks are different between the two methods. In traditional methods, tasks take longer and are over the entire term performed by the same persons. In agile methods however, tasks are shorter and performed by different combinations of people over time.
We find that previous ties leads to the formation of subgroups in agile methods, but not in traditional methods. In traditional methods, task-based subgroups are the dominant subgroup and separate the team into smaller parts that work on tasks. Previous ties are therefore only of minor relevance in traditional methods. Geographical distance as well as language are faultlines that are activated under traditional methods as well as under agile methods. Those are strong factors that divide the team members, because for instance it is hardly possible to build up an informal relationship with a person from another office location.
Discussion
Theoretical and Practical Contribution
Our results contribute to literature on agile and traditional methods. Vidgen and Wang [9] develop a framework that can be used to guide the organization of agile software development. However, their framework disregards the possible formation of subgroups. We extend the framework of Vidgen and Wang [9] by showing that subgroups play a role in agile software development. Our results show, that this is especially the case, when agile methods are violated. In one of the analyzed teams, the team was divided based on the kind of tasks that they had to perform. This has led to the formation of task-based subgroups. However, the division of the team based on types of tasks is not advised according to the principles of agile software development. Furthermore, geographical distance as well as language barriers lead to the formation of subgroups. As agile methods assume a colocated team, this violation leads to the formation of a subgroup. Therefore, Hossain, Babar [51] suggest that a scrum of scrum approach should be taken, if the team cannot be located in a single office space.
We also contribute to literature on agile and traditional methods by showing that the formation of subgroups differs between agile and traditional methods. In traditional methods, the dominant factor for the formation of subgroups is the task. Team members that have different tasks hardly interact with each other.
In general, it seems that there are less strong and severe subgroups in projects with agile methods than in projects with traditional methods. Additionally, our results suggest that IT managers use approaches, like the breakfast in team 3 to decrease the effects of the strong subgroups.
Second, we contribute to literature on virtual teams [46, 47] . We find that geographical distance as well as language leads to the formation of subgroups, no matter which type of development methodology is employed. This supports the claim of virtual teams literature that attributes like language and geographical distance can divide teams.
However, studies on virtual teams focus only on these attributes and mostly disregard subgroup theory [46] . For instance, Montoya-Weiss, Massey [52] analyzed conflict management in virtual teams, but did not consider literature on subgroups or faultlines, although they can be a source for conflicts within teams [7, 53] . Oshri, Van Fenema [54] analyze knowledge transfer within virtual teams, but do not consider that the flow of information is influenced by the subgroups within the team [55] . Theory on subgroups and faultlines could give these studies an alternative perspective.
This perspective has already been employed by studies on virtual teams in non IT settings [18, 48] . We extend this to the IT domain. Furthermore, only considering geographical distance or cultural aspects as factors disregards the broader picture. We find that previous ties in agile projects and the task assignment in projects with a traditional method do additionally have an influence.
Third, we contribute to the limited research on faultlines and subgroups in the IT domain. We show that identity-based factors like gender and age do not lead to the formation of subgroups. This is opposed to previous findings in other domains [56, 57] . We do not find support that identity-based factors like gender and age lead to the formation of subgroups. Our results suggest that this is caused by the nature of the IT section. As females are still underrepresented in ITteams, there were not enough representatives to build this form of subgroups. Women are rather integrated in the whole team and get included in other subgroups that are independent from gender. Similarly, the age structure was balanced, which hindered the formation of age-based subgroups.
We contribute to practice by outlining which factors lead to the formation of subgroups in projects with agile methods and in projects with traditional methods. Subgroups within project teams are an issue in practice, because they influence the way how the team members interact and communicate with each other [11] . Due to this the performance of the project is also affected by the existence of subgroups within the team [10] [11] [12] [13] .
There are several ways how IT project managers can address the subgroups and faultlines in their teams. For instance, they can conduct team building efforts before the start of the project. Especially in the case of a project with several sites, it is advisable that the whole team has the possibility to informally exchange and get to know each other due to the strong subgroups based on geographical distance that we have identified.
Limitations
First, our results are limited by the circumstance, that we did not interview all members of the team. As subgroups might be perceptional [28] , it is possible that we have missed certain subgroups. However, we interviewed quite a large share of the groups, which makes it unrealistic that we missed large or strong subgroups. Second, the analyzed teams differ in size and organizational context. Due to this, it is possible that we found subgroups that are not related to the project management method, but to the setting of the project. Third, we only analyzed two project teams with agile methods and two project teams with traditional methods. Due to this limited number, it is possible that we missed subgroups that are relevant, but were not present in our cases.
Future Research
We only analyzed four teams from two different firms. Due to this limited setting, it was not possible to analyze the influence of different contexts on the formation of subgroups in detail. However the context could have a huge influence on the activation of certain faultlines. Future research could further address which faultlines dominate others and whether these could be affected by management practices. Studies could examine how far agile methods could reduce locationbased faultlines in distributed teams in detail.
The size of the teams that we analyzed has been between 12 and 19. Future research could address this by varying the team size. Due to closer collaboration in smaller teams, it could be the formation of subgroups differs. It could be the case that task-based subgroups do not form in traditional projects, because a specific Page 5489 task is assigned to only one person and not to several. The formation of subgroups could also be different in larger teams. Subgroups, based on special competencies of certain team members [58] , could form in large teams.
Up to now, we have only analyzed Scrum as a representative of agile project management methods. Future research could address other ones. For instance, the formation of Subgroups could differ in Pair Programming due to the close collaboration between two team members.
Another possible area for future research could be related to the question how subgroups are resolved in agile methods and in traditional methods. We have found that team 3 has breakfast together every Monday. One could analyze whether such teambuilding events are effective in resolving subgroups. Approaches to resolve subgroups could have different influences in agile and traditional projects. An event to get to know all team members might be useful in a traditional project, but not in an agile project with Scrum, because all team members know each other from the daily stand-up meeting.
Conclusion
This paper was motivated by a need to understand groups within agile and traditional IT projects. The results of the conducted case studies show that the formation of subgroups differs between the two types of projects. We find that previous ties leads to the formation of subgroups in agile methods whereas task assignment leads to strong subgroups in traditional methods.
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